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Abstract The objectives of this study were to determine
if neighborhood measures were associated with physical
activity cross-sectionally during late pregnancy (27–
30weeks’ gestation), 3months postpartum, and 12months
postpartum, and longitudinally with an increase in physical
activity from late pregnancy to 12 months postpartum.
Data are from the Pregnancy, Infection, and Nutrition
(PIN3) and Postpartum Prospective Cohort Study. Dichot-
omized self-reported recreation and total physical activity
hours/week were explored cross-sectionally at three time
points, and as an increase over time. Four factors from a
neighborhood environmental audit were examined: arterial
or thoroughfare, walkable neighborhood, physical incivil-
ities, and decoration. Secondary spatial data included pop-
ulation density, hilliness, intersection density, distance to
nearest major road, distance to nearest park, distance to
nearest physical activity facility, and distance to nearest bus
stop. Multilevel mixed-effects logistic regression models
were used to assess the association between environmental
variables and physical activity measures. A number of
environmental variables were associated with total and
recreation physical activity at the three time points in
cross-sectional models. For increase in recreation physical
activity over time, a moderate distance to nearest major
road was significantly associated with increased recreation
physical activity from 3 to 12 months postpartum (tertile 2
OR 2.13, 95% CI 1.08, 4.22). Living the furthest distance
from the nearest park was inversely associated with an
increase in recreation physical activity from pregnancy to
3 months postpartum (tertile 3 OR 0.50, 95% CI 0.29,
0.85). The findings of this study indicate that several
aspects of the neighborhood environment, such as
walkability, access to transit, distance to recreation facili-
ties, and road networks, are associated with physical activ-
ity during different stages of pregnancy and postpartum.
Since physical activity may result in long-term health
benefits for both the woman and child, environments that
support this activity should be encouraged.
Keywords Recreation .GIS .Audit .Builtenvironment .
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Introduction
Physical activity provides health benefits during preg-
nancy, delivery, and postpartum for both the mother and
child [1, 2]. Because of the known benefits, many
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countries have specific guidelines in place for
recommending physical activity during pregnancy [3,
4] and postpartum [5, 6]. Evidence suggests that women
reduce their levels of physical activity when they are
pregnant [7–9], a reduction that can extend to the post-
partum period [10, 11]. These changes may lead to a
lifetime of insufficient physical activity and related ad-
verse health consequences, such as postpartum weight
retention and obesity [12, 13].
Physical activity is influenced by factors within and
across levels of the ecologic model, including intraper-
sonal, interpersonal, environmental, and institutional fac-
tors [14]. Neighborhood environmental factors include
aspects of the physical built environment (e.g., street
connectivity), as well as the social environment (e.g.,
visible people on the streets). In the general population,
evidence suggests that physical activity is influenced by
aspects of the built environment in which children and
adults live, work, and play [15, 16]. It is of particular
importance to examine the influence of neighborhood
environmental factors on physical activity in pregnancy
and postpartum, as it is a period in the life course where
women’s physical activity is apt to change [11]. With
their growing family and associated responsibilities, these
women in particular need places to be physically active
that are close to home and accessible [17].
Aspects of the neighborhood environment have been
examined in relation to physical activity in pregnant and
postpartum women, but only to a limited degree
[18–20]. Findings from studies on access to green space
or recreation facilities among pregnant and postpartum
women have been mixed. For example, a study by
Richardsen and colleagues [18] indicated an association
between access to recreational areas and higher levels of
physical activity, while Nichani and colleagues [19]
showed no association. Other features of the physical
environment, such as population density and land use
mix, are also important for physical activity in the
general population and may be important for women
during and post-pregnancy as well [16].
Research is needed to understand what aspects of the
neighborhood environment are associated with physical
activity during pregnancy and postpartum, as well as
changes in physical activity across these time points.
The first objective of this study was to determine if
environmental audit and spatially derived neighborhood
measures were associated with self-reported physical
activity (total and recreation) during late pregnancy
(27–30 weeks’ gestation), at 3 months postpartum, and
at 12 months postpartum. The second objective of this
study was to determine if neighborhood measures were
associated with an increase in self-reported physical




Data for this analysis are from the Pregnancy, Infection,
and Nutrition (PIN3) and PIN Postpartum Study. A full
description of the study had been published previously
[21]; more information can be found at http://www.cpc.
unc.edu.libproxy.lib.unc.edu/pin. PIN3 was a
prospective cohort study that enrolled 2006 pregnant
women at 20 weeks’ gestation between January 2001
and June 2005 from prenatal clinics at the UNC
Hospitals. Of the original PIN3 participants, 688
women agreed to participate in the PIN Postpartum
Study and completed the 3 months postpartum
interview (73.3% of those invited to participate). Five-
hundred and fifty (79.9%) of the participants that com-
pleted the 3 months postpartum visit also completed an
interview at 12 months postpartum [11, 22]. Description
of drop-out and assessment of selection bias can be
found elsewhere [11, 22, 23]. Data used in this analysis
were collected via telephone and in-home interview at
four time points: 17–22 weeks’ gestation (phone #1), 27
–30 weeks’ gestation (phone #2), 3 months postpartum
(in-home #1), and 12 months postpartum (in-home #2).
If a participant moved out of the 4-county area between
study visits, they were excluded from further follow-up.
This study was reviewed and approved by the Institu-
tional Review Board at the University of North Carolina
at Chapel Hill (UNC), and each participant provided
informed consent prior to participation in these studies.
Physical Activity
Self-reported physical activity was measured at each of
the interview time points using the PIN3 physical activity
survey with evidence for validity and reliability [24]. This
interviewer administered survey assessed mode-by-mode
physical activity over a 1-week recall period; modes
assessed included recreation, workplace, transportation,
childcare, adult care, and both indoor and outdoor house-
hold activities. For each mode, participants reported (a)
each type of activity that was performed in the past week,
(b) the number of sessions performed over the past week
for each reported activity, (c) duration of each session,
and (d) perceived intensity of each session (“fairly light,”
“somewhat hard,” or “hard or very hard”). Data were
converted to hours/week within each mode and summed
for total physical activity.
For the purposes of this analysis, physical activity data
from phone #2, in-home #1, and in-home #2 are used.
Recreation and total physical activity hours/week were
explored, with all perceived intensities included. Recrea-
tion physical activity hours/week was dichotomized into
none/any, whereas total physical activity hours/week was
dichotomized using distribution-based cut-points (low/
high). Increase in recreation physical activity was defined
as ≥ 1-h/week difference in either measure of physical
activity between late pregnancy and 3 months postpartum,
as well as between 3 months postpartum and 12 months
postpartum. Conversely, increase in total physical activity
was defined as ≥ 2-h/week difference in either measure of
physical activity between late pregnancy and 3 months
postpartum, as well as between 3 months postpartum and
12 months postpartum. These cut-points were determined
based on the increase in domain-specific physical activity
from pregnancy to 3 months postpartum at the 75th per-
centile rounded up to the nearest hour (e.g., the 75th
percentile of recreation physical activity hours per week
was 1.29 at phone #2 and 2.25 at in-home #1, for an
increase of approximately 1 h).
Built Environment
Participants’ home addresses were identified at three time
points: 27–30 weeks’ gestation (phone #2), 3 months
postpartum (in-home #1), and 12 months postpartum
(in-home #2). Addresses collected via telephone inter-
view were geocoded using an address database; global
position system (GPS) was used to identify and geocode
the home location during the in-home interviews. Using a
customized road network developed for this study [25],
all roads within ¼ mile driving distance of the partici-
pants residential address, defined as the participant’s
neighborhood, were examined using on-the-ground envi-
ronmental audit and secondary spatial data. Each road
within the neighborhood was divided up into segments,
defined as the length between two intersections, between
an intersection and a cul-de-sac, or an intersection and a
dead-end. This process was done for the addresses col-
lected at each time point, so that all spatial data are
representative of the neighborhood in which the partici-
pant lived at that time. Table 1 provides a full description
of all built environment variables used in this study. For
the purposes of analyses, all built environment variables
were categorized into distribution-based tertiles (tertile 1
[T1], tertile 2 [T2], tertile 3 [T3]).
PIN3 Neighborhood Audit
The PIN3 Neighborhood Environmental Audit Instru-
ment, including development and data collection proce-
dures [25, 26], have been previously described. The
PIN3 Neighborhood Audit Instrument included 43 mea-
sures that made up five domains hypothesized to influ-
ence outdoor physical activity: residential land use; non-
residential land use; public, residential and non-
residential space/esthetics; mobility (walking and bicy-
cling) amenities; and transit and road characteristics.
Trained auditors, in teams of two, rated all road seg-
ments within the participant’s neighborhood over two
summers in 2005 and 2006. Road segments were
assessed by driving up and down the segment several
times and then stopping to complete the audit instru-
ment. Auditors then moved on to the next segment and
repeated the process. A total of 10,770 street segments
were assessed. The data collected were used to create
four factors for analysis: arterial or thoroughfare, walk-
able neighborhood, physical incivilities, and decoration
[26]. The PIN3 Neighborhood Environmental Audit
Instrument shows evidence for reliability and stability
in urban and rural environments [27].
Secondary Spatial Data
All secondary spatial data were created in ArcGIS 9.1
(Esri, 2005), with further processing in Python. A net-
work neighborhood, or buffer, was a polygon that
encompassed all accessible streets within a specified
distance using the road network. Each participant’s ¼
mile network neighborhood was used to create individ-
ually based estimates for several spatial variables under
study at each of 3 time points, including population
density, hilliness, and intersection density. Other spatial
proximity variables, such as distance to nearest major
road, distance to nearest park, distance to nearest phys-
ical activity facility, and distance to nearest bus stop,
were calculated as the network distance along the
shortest route from the participant’s residence, regard-
less of distance.
Table 1 Objectively measured built environment variables
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infrastructure, such
as speed limits, 3-
and 4-way intersec-
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to the nearest park
access point
0.8 (0.9) 1.5 (2.0) 1.6 (1.9) 0 12.19
Covariates
Covariates were chosen a priori based of previous
literature [21]. These include age in years at the start
of pregnancy (≤ 24, 25–29, 30–34, 35+), race (white,
black, other), marital status at phone #1 (married or
unmarried), years of education at phone #1 (≤ 12, 13–
15, 6, and 17+), employment status at each time point
(employed yes or no), poverty status at phone #1 (≤
185% or > 185% of the poverty line), parity (number
of previous live births and stillbirths: 0, 1, or 2+),
chronic hypertension (yes/no), pregnancy-induced
hypertension (yes/no), vaginal bleeding (any/none),
and median parcel tax value along the participant’s
residential address road segment (see Table 1 for the
source of data for this variable).
Statistical Analysis
Descriptive statistics included median and interquartile
range (IQR) for continuous variables, and proportion for
categorical and nominal variables. As participants were
nested within neighborhoods, multilevel mixed-effects
logistic regression models were used to assess the asso-
ciation between built environment variables (T2 and T3
vs. T1 [referent]) and the following outcomes: (1) di-
chotomized total physical activity (high vs. low [refer-
ent]) at (a) pregnancy, (b) 3 months postpartum, and (c)
12 months postpartum; (2) dichotomized recreation
physical activity (any vs. none [referent]) at (a) preg-
nancy, (b) 3 months postpartum, and (c) 12 months
postpartum; (3) dichotomized increase in total physical
activity from (a) pregnancy to 3 months postpartum and
Table 1 (continued)
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Abbreviations: IQR, interquartile range;GIS, geographic information system;NCDOT, North Carolina Department of Transportation;UNC,
University of North Carolina at Chapel Hill; NC, North Carolina; USA, United States of America
(b) 3 months postpartum to 12 months postpartum; and
(4) dichotomized increase in recreation physical activity
from (a) pregnancy to 3 months postpartum and (b)
3 months postpartum to 12 months postpartum. Increase
in total physical activity hours/week was compared to
decrease or no change [referent] at the two change
points—pregnancy to 3 months postpartum, and
3 months to 12 months postpartum. Change in recrea-
tion physical activity was similarly assessed. Bivariate
and multivariable analyses controlling for covariates
(age, race, marital status, years of education, employ-
ment status, poverty status, parity, and median parcel tax
value along the participant’s residential address road
segment) were conducted for all models. To account
for clustering by neighborhood, grid cells at a 0.25-mile
cell size were laid over the network neighborhood poly-
gons; participants who fell within each grid cell were
considered to be nested in the same neighborhood.
Within each time point, participants with missing values
for any variables were excluded. Statistical significance
was set at p < 0.05; all analyses were conducted in
STATA 15.1 (STATA Corp., College Station, TX,
USA) in 2018.
Results
Descriptive Characteristics of the Study Population
Descriptive characteristics of the study population at the
three examined time points are reported in Table 2. Of
those that participated in the PIN Postpartum Study, 415
participants had complete spatial and interview data at
27–30 weeks’ gestation (missing n = 38), 437 partici-
pants at 3 months postpartum (missing n = 16), and 324
participants at 12 months postpartum (missing n = 26);
68% (n = 309) had complete data for all three time
points. At 27–30 weeks’ gestation, the majority of par-
ticipants were aged 30–34, white, married, had 17+
years of education, and lived above the poverty line.
The median self-reported hours spent in total physical
activity in the past week increased across the three time
points, from 1.0 h at 27–30 weeks’ gestation, to 1.7 h at
12 months postpartum.
Cross-Sectional Associations
The bivariate and multivariable multilevel mixed-effects
logistic regression models examining the independent
associations between each built environment variable
and total and recreation physical activity at each time
point are reported in Tables 3 and 4, respectively. Con-
sidering total physical activity, in multivariable models,
having a high level of neighborhood walkability was
positively associated with the odds of reporting high
total physical activity (T3 OR 2.30; 95% CI 1.29,
4.12), and distance to nearest physical activity facility
was inversely associated with the odds of reporting high
total physical activity (T3 OR 0.52; 95% CI 0.29, 0.92)
(Table 3) at 27–30 weeks’ gestation. Living the furthest
distance from the nearest bus stop was inversely associ-
ated with the odds of reporting high total physical ac-
tivity at 12 months postpartum (OR 0.50; 95% CI 0.26,
0.96) (Table 3). Having a moderate level of decoration
in the participant’s neighborhood was inversely associ-
ated with the odds of reporting high total physical ac-
tivity at 3 months postpartum (T2 OR 0.54; 95% CI
0.31, 0.95) (Table 3).
For recreation physical activity, in multivariable anal-
ysis, having a high level of neighborhood walkability
was positively associated with the odds of reporting
high total physical activity at 27–30 weeks’ gestation
(T3 OR 2.09; 95% CI 1.09, 3.67), and a moderate level
of walkability was positively associated at 3 months
postpartum (T2 OR 1.77; 95% CI 1.05, 2.99)
(Table 4). Living the furthest distance from the nearest
park was inversely associated with the odds of reporting
recreation physical activity at 3 months postpartum (T3
OR 0.45; 95% CI 0.26, 0.77), as was living the furthest
distance from the nearest physical activity facility (T3
OR 0.49; 95% CI 0.29, 0.85) (Table 4).
Longitudinal Associations
In multivariable models, no objectively measured
neighborhood-based built environment variables were
a s s o c i a t e d w i t h i n c r e a s ed t o t a l phy s i c a l
activity (Table 5). For recreation physical activity, in
multivariable models, a moderate level of an arterial
road network was positively associated with increased
recreation physical activity from 3 months postpartum
to 12 months postpartum (T2 OR 1.91, 95% CI 1.00,
3.68) (Table 5). A moderate distance to nearest major
road was positively associated with increased recreation
physical activity from 3 months postpartum to
12 months postpartum (T2 OR 2.13, 95% CI 1.08,
4.22) (Table 5). Finally, living the furthest distance from
the nearest park was inversely associated with an
Table 2 Characteristics of the study population from pregnancy to postpartum
27–30 weeks’
gestation (n = 415)
3 months
postpartum (n = 437)
12 months
postpartum (n = 324)
Collected at 17–22 weeks’ gestation
Age; n (%)
≤ 24 49 (11.8) 58 (13.3) 36 (11.1)
25–29 124 (29.9) 130 (29.8) 93 (28.7)
30–34 171 (41.2) 175 (40.1) 133 (41.1)
35+ 71 (17.1) 74 (16.9) 62 (19.1)
Race; n (%)
White 333 (80.2) 341 (78.0) 262 (80.9)
Black 52 (12.5) 62 (14.2) 38 (11.7)
Other 30 (7.2) 38 (11.7) 24 (7.4)
Marital status; n (%)
Married 357 (86.0) 365 (83.5) 285 (88.0)
Single, widowed, divorced, or separated 58 (14.0) 72 (16.5) 39 (12.0)
Education; n (%)
≤ 12 46 (11.1) 56 (12.8) 32 (9.9)
13–15 45 (10.8) 53 (12.1) 34 (10.5)
16 136 (32.8) 139 (31.8) 111 (34.3)
17+ 188 (45.3) 189 (43.3) 147 (45.4)
Income (percent of the poverty line); n (%)
≤ 185 68 (16.4) 81 (18.5) 45 (13.9)
> 185 347 (83.6) 356 (81.5) 279 (86.1)
Parity; n (%)
0 211 (50.8) 219 (50.1) 160 (49.4)
1 144 (34.7) 153 (35.0) 115 (35.5)
2+ 60 (14.5) 65 (14.9) 49 (15.1)
Chronic hypertension
Yes 22 (5.3) 26 (6.0) 16 (4.9)
No 393 (94.7) 411 (94.1) 308 (95.1)
Pregnancy-induced hypertension
Yes 89 (21.5) 94 (21.5) 71 (21.9)
No 326 (78.6) 343 (78.5) 253 (78.1)
Vaginal bleeding
Yes 102 (24.6) 106 (24.3) 80 (24.7)
No 313 (75.4) 331 (75.7) 244 (75.3)
Time varying
Employment status; n (%)
Yes 298 (71.8) 242 (55.4) 208 (64.2)
No 117 (28.2) 195 (44.6) 116 (35.8)
Moved residence during the study period
Yes – 30 (6.9) 20 (6.2)
No – 407 (93.1) 304 (93.8)
Total physical activity, hours/week
Median (IQR) 1 (2.5) 1.5 (4.3) 1.7 (3.8)
Low physical activity; n (%) 236 (56.9) 215 (49.2) 147 (45.4)
High physical activity; n (%) 179 (43.1) 22 (50.8) 177 (54.6)
increase in recreation physical activity from pregnancy
to 3 months postpartum (T3 OR 0.50, 95% CI 0.29,
0.85) (Table 5).
Discussion
This study explored the association between objectively
measured neighborhood-based built environment vari-
ables and total and recreation physical activity from
pregnancy to postpartum. Several environmental vari-
ables explored were associated with total and recreation
physical activity and during pregnancy, 3 months, and
12 months postpartum. Additionally, associations be-
tween environmental variables and an increase in recre-
ation and total physical activity from pregnancy to post-
partum were identified.
In cross-sectional analyses, more favorable
walkability was found to be associated with both
total and recreational physical activity during preg-
nancy, and partially with recreational physical activ-
ity at 3-months postpartum. Further, as expected,
distance to the nearest bus stop was inversely asso-
ciated with total physical activity at 12 months post-
partum. However, no association was identified be-
tween either walkability or distance to the nearest
bus stop and increase in physical activity from preg-
nancy to postpartum. Components of walkability,
including access to and availability of public transit,
have been identified as important for physical activ-
ity in adults generally [15], and results here indicate
that they may be important for physical activity in
pregnant and postpartum women as well. In this
study, walkability was assessed using the PIN3 en-
vironmental audit tool, and included 11 separately
measured items such as visible/active child/youth,
presence of trails, and pavement markings, cross-
walk [26].
Environments that support individuals to be out in
their neighborhood being physically active are surely
important for all persons regardless of age or condi-
tion but may be particularly salient for women during
the pregnancy and postpartum period. It is important
to consider the needs of the most vulnerable popula-
tions, including pregnant and postpartum women,
when considering mobility alternatives. In terms of
public transportation, it is important to ensure that
those most in need have some basic level of access
by considering how these users access transit systems
and their particular needs for accommodations at stops
and on vehicles. Transportation physical activity was
not independently assessed for the purposes of this
analysis due to low reported participation [28], but it is
possible that the association between distance to the
nearest bus stop and total physical activity is driven by
transportation-based physical activity during preg-
nancy, particularly because more women were work-
ing at this time. Conversely, increased distance to
Table 2 (continued)
27–30 weeks’
gestation (n = 415)
3 months
postpartum (n = 437)
12 months
postpartum (n = 324)
Total recreation physical activity, hours/week
Median (IQR) 0 (1.3) 0.3 (2.3) 0.3 (2.2)
None; n (%) 259 (62.4) 209 (47.8) 160 (49.4)
Any; n (%) 156 (37.6) 228 (52.2) 164 (50.6)
Increase in total physical activity, hours/week; n (%)a, c
No – 268 (61.3) 226 (69.8)
Yes – 169 (38.7) 98 (30.3)
Increase in recreation physical activity, hours/week; n(%)a, b
No – 301 (68.9) 251 (77.5)
Yes – 136 (31.1) 73 (22.5)
Excludes individuals with missing data for outcomes and covariates (n = 80)
a Increase from the previous interview—at 3 months postpartum, increase from 27 to 30weeks’ gestation; at 12months postpartum, increase
from 3 months postpartum
b Increase in at least 1 h of recreation physical activity between time points


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 4 Multilevel mixed-effects logistic regression estimates, cross-sectional association between built environment variables and
recreation physical activity
27–30 weeks’ gestation (n = 417)
OR (95% CI)
3 months postpartum (n = 439)
OR (95% CI)
12 months postpartum (n = 325)
OR (95% CI)
























































































































































































































transit may indicate less urbanicity and increased so-
cial isolation, factors that can contribute to lower
physical activity [29].
Distance to the nearest park was found to be asso-
ciated with a decreased odds of recreational physical
activity at 3 months postpartum, and also with in-
crease in recreational physical activity from pregnan-
cy to 3 months postpartum. Further, increased dis-
tance to the nearest physical activity facility was as-
sociated with a decreased odds of total physical activ-
ity during pregnancy, and of recreational physical
activity 12 months postpartum. Comparably, Nichani
and colleagues [19] found no association between
proportion of green space within a census unit and
physical activity in a population of pregnant women
living in New Zealand. One difference between these
two studies is that Nichani and colleagues’measure of
greenspace included blue spaces (beaches) and areas
which may or may not be suitable for physical activity
[19]. It is also possible that access to parks and recre-
ation areas are more essential to women after giving
birth and in that transition from pregnancy to postpar-
tum, rather than during pregnancy when they may feel
less comfortable being pregnant and active outside or
in recreation facilities. It is also possible that parks and
recreation areas are places where new mothers feel
comfortable visiting with a baby.
In contrast, Richardsen and colleagues [18] explored
the association between access to recreational spaces and
moderate to vigorous physical activity in pregnant and
postpartum women living in Oslo, Norway, and found an
association during pregnancy, but not postpartum. These
differential findings between the work by Richardsen and
colleagues and the current study may be in part due to
their particular consideration of access to these recreation
areas, which included consideration of an eligible walk-
ing route, whereas the current study examined distance
only [18]. Further, Richardsen and colleagues examined
objectively measured total moderate to vigorous physical
activity [18], while the present study examined self-
reported total and recreation physical activity regardless
of intensity. More generally, the association between
proximity to parks and measures of physical activity has
been largely mixed, with few studies finding an associa-
tion using objective measures of the environment [30].
Other environmental factors found to be associated
with increase in recreational physical activity from 3 to
12 months postpartum included an arterial road network
(increased odds of increasing recreational physical ac-
tivity) and distance to major roads (increased odds of
increasing recreational physical activity). Having a
Table 4 (continued)
27–30 weeks’ gestation (n = 417)
OR (95% CI)
3 months postpartum (n = 439)
OR (95% CI)
12 months postpartum (n = 325)
OR (95% CI)































































Multivariable models controlled for mother’s age in years at the start of pregnancy, race, marital status, years of education, employment
status, poverty status, parity, and median parcel tax value along the participant’s residential address road
Recreation physical activity operationalized as any vs. none (ref)
Abbreviations: OR, odds ratio; CI, confidence interval; T2, tertile 2; T3, tertile 3



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































neighborhood that allows for multiple route options
with lower traffic speeds may be particularly conducive
to recreation physical activity in postpartum women.
Women report being encouraged to walk during preg-
nancy [31], and it may be a feasible activity for women
to return to once giving birth, particularly in neighbor-
hoods with these characteristics.
Many of the environmental factors explored here
were not associated with physical activity during preg-
nancy and postpartum, despite evidence of their associ-
ation with physical activity in other populations [16].
Pregnancy causes substantial change to a woman’s
body, particularly during the third trimester and after
birth, timeframes examined in this study. Indeed, wom-
en often report that physical discomfort and fatigue
associated with fetal development prohibit them from
being physically active, particularly during the third
trimester, which may be a contributing reason for de-
creasing physical activity regardless of many aspects of
the neighborhood environment [32]. However, physical
activity is recommended for women throughout preg-
nancy and the postpartum period in the absence of
medical or surgical complications [33], and the results
of this study suggest that certain environmental factors
in the neighborhood, such as walkability and access to
recreation areas, can help support women in pursuing
physical activity during this pivotal time.
Strengths and Limitations
As far as the authors are aware, this is the first study to
examine environmental characteristics measured via an
environmental audit and secondary spatial data in relation
to physical activity in pregnancy and postpartum both
cross-sectionally and longitudinally. One strength of this
study is the use of a large prospective cohort, which
allowed for the examination of both cross-sectional and
longitudinal change in physical activity, leading to a more
robust understanding of the association between aspects
of the built environment and physical activity during
pregnancy and postpartum. Another strength is the use
of objective measures of the built environment. Further,
the use of diversemethods to assess the built environment,
including neighborhood auditing and secondary data
sources, allows for a more comprehensive assessment of
the environment at both the micro- and macro-scale.
This study does have limitations. Participation in the
PIN Postpartum Study was lower than PIN3 since not all
of the initial participants were eligible to participate due to
timing of birth, subsequent pregnancy, or moving out of
the geographic area [22]. The majority of participants of
this study were white, married, and financially stable, so
generalizability of these findings may be limited. Physical
activity, while measured comprehensively, was assessed
via self-report, which has inherent bias. Exploration of
transportation physical activity is warranted in any explo-
ration of the built environment and physical activity, but
volume of transportation physical activity reported by
participants in this study was limited [28]. Information on
the environmental setting in which the various types of
physical activity took place was not collected as part of the
PIN Postpartum Study, which limits the predictive ability
and interpretability of models [34]. Neighborhood self-
selection was not considered in the PIN Postpartum Study,
so reverse causation is a possibility. In some cases, the
associations were in the middle group—such that there
was no dose-response relationships. This supports that, at
least in some cases, associationsmay be by chance because
of multiple statistical testing. The use of secondary spatial
data has inherent limitations, including questions of data
accuracy and accessibility. In particular, parcel information
was not available for the entire study area, so potentially
important measures such as access to destinations or land
use mix were not assessed in this analysis. More studies
with larger sample sizes in diverse populations are needed
to further explore these associations.
Conclusions
This study examined the association between environ-
mental audit and spatially derived neighborhood mea-
sures and self-reported physical activity during late
pregnancy and postpartum, as well as assessing the
association with longitudinal change in physical activity
from pregnancy to postpartum. Taken together, the find-
ings of this study indicate that several aspects of the
environment are associated with physical activity in
women during pregnancy and postpartum. These asso-
ciations may result in a number of benefits to both the
woman and child, including postpartum measures of
adiposity [35] and depression [36] and fetal growth
and birth weight [37]. However, many of the built
environment measures examined in this study were not
associated with physical activity during and across preg-
nancy and postpartum, so it is important to consider
what other factors, in the context of the built environ-
ment, can encourage and support pregnant and postpar-
tum women to be physically active.
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